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Chapter 4. IHPORTANCE OF MIRERAL MATERIALS IN MILITARY ENGINEERING

[M™e term "gornaya poroda” or "poroda,” gemerally “rock” or "stratum,”
la hercinafter translated es "mineral materiale {s)" or "material (s).77

I. mxmnnc-mmozcn CHARACTERISTICS OF MINERAL KMATRRIALS

Theso msterials, with which engineering officers are certsin to be concerned,
are prixerily impoartesnt in field construction as reedily availadls construction
materiala. Thio txm {gornyye porody) is generally applied to various types of
msteriels, including the mineral meterials which sre used in dofenss carmtructious,
in the comstruction of fortificaticams, leunding fimlds, militery roads, stc. The
geologist muet knov not only the duilding properties of these materials hut also
their specific application, the distridution of the deposits. and special methods
fcr praspecting, surveying, and for proceseing them, which are dictated by the
tine and circuxstsnces > war.

Often, howover, the goologis. mnst Jeke a many-sided approach to the study
of mineral materials and sust not ouly maks deducticns concerning the possibility
of their nee as constructica materials but must alsc apmralss them as e beala
and weans far military-eogineering vorke and construction.

The great variety of mineral materiuls and their practical charactaristice
oblige the military geclogist to maks an uceoununa of thsir outstanding charac-
teristice, Qe follows:

1. Basic nuture: processability, dursbility, resistance to frest,
resistance to presswe, solidity, losd- earrying capacity, firmness in declivitles,
otc, .

2. Be)ationship to water: water psrmesbility, monieture capacity, solu-
bility, susceptidility to arosion, etec.
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z, Basic physlcel nature: electrical resistencs, conductivity of

.
setlmmic end sound wavew, etc.

.

. Reletiocnahip to gases (polisonous): ges perimabiilty, capncity te
abgord uer gea.

 Verious existing practical cleseificatione of mineral materisle attempt
to teke 1oto eccount seversl or moet of the cheracteristice inficeted. Among
these is the cisssificetion proposed by F. P. Saverenekiy, M. ¥. Protodyekonov,
V. A. Priklonekiy, P. M. Teimberevich, L. N. Bernetekiy, and others. The
military geologlet mey use e pimplified, engioeering-geological clespification of
minerel materiz}s (see Table 1).

In comstructing Teble 1, 8il mmieriule weiw Yasicalilly

@groups, 3iffering from emch other in the nature of their interns
(V. A. Priklooekly). Thie clessification imparts to them one of "the folloving
basic properties: herdness {rseilience, eolidity), plastlicity, or porosity
{fricbility}. Corresponding to this cleesificntion ie the coe, widely sccepted
emong buildere, which dividee ell netural minersl conetruction materiale into
three categories: a&olid, frisble, and earthen. N

As V., 4. Priklonekly pointe out, these three groupe of materiels often
d1#fer from each other both in mechenicel cohesive sirengtlh end also by the
nnture of the typical deformstions in them, vhich gives, correspondlngly,
lekoly’ Eleavege}?, plsetic dicplacement, or dieplacement of frisble materiel.

They are algo cherscterized by the resistance of the materinl se a
whale to westhering and the softening activity of water. Apart trom the cherec-
teristice mentionrd, V. A. Priklonskiy bdesse his classification on othere -~ the
origin of the msteriale, their composition, their texture, etc.

Conforming very well with the cleesificetion indiceted ebove, there is
enother charecterietic, importent for engineering cansiderstionsa, which wae
originrlly brought out by A. P. Peyvlov end leter by L. N, Bernatskiy. They
baced their classificetion on tbe mater.sl's sueceptibility to crumbling =nd
1ts compreea‘bility. Properly cpesking, the cleegificatian of V. A.
Prixlensk’y lg a further develomment uf the cleesification of A, P, favlov
end L., §. Bernatskiy. From thie point of view, herd end crumbly msterisls
ere precticelly incompreesidie, dut plastic meteriale are compreseidble.

1n the varioua celculations involved 1n the coustruction of fortifice-
tisae enc ‘a underground mine operstione, tbe wo-celled "coefficient of stret'm
strencth of materiel,” "f," which cumes into verious lsckoning formules, fo
often encountered. Thie coefficient wae establighed by M. M. Protod'yakonov
on che beele of the various cuerscteristics of the mnteriel, wbich conditinn
the cegree of difficulty fu extracting and processing them. This cosffictlent
wee ‘otroduced by Protod'yekonov into hie clessification. In view of ‘he vide
use ¢f thic coefficlent in preactical operetions and In calculetione, it must
undoubtedly be included in our echemetic classificetion.

The table e2leo gives the cheracteristice of certain groupe of meteriale
from the point of view of their phyeicel and building propertiea. This
meteriel ie borrowsd from the resume of F. P. Sgvarenekly and other sources.
The veriety of materiale determines the renge of construction qualitiee of
the verious natursl materisls. Aloag vith motertale of bigh quelity, others
ere encountered with little or no ouitedbillv,.

All vaorieties of conetruction materials, whizh will necessarily be
deslt with in military-engineeritg conztruction sre campiled in Table 1.
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Teble 1. Simplifisd Engineering-Geological Classification
of Mineral Moteriels

Generel Cherscter Degree of Materiels
of CGround 8

of Moterisle
Interns) cohssion Strongeet, herdeet querte and
{outrenniye svyszi) Strongest besalt. Exceptionslly stroog
firm, herd, predominsntly other materiale.
coystallized. Firmnees
{prochnost*): digh to
wod f vm.

Teascity {svysmoci‘): Vexry sirong Grenite, quartr-porpayry
irreversidble {necbpati- silicon sbales, quartzitss,
meya). : strongest eandy limeetonss.

Incompressidlis

Weter ond gse permeebility, Strong Very etrop sandetomee end
only in figeures. limestones. Strong cone-
. glomerate. Bur¢ grenite
Cheracteristic defarmation: merble end dolaaite.
"sxol”, little or no
Boietwre capacity.

e 7

Herd rock end semirock Fairly etrong Sandetone, sendy shales and
meteriale: igneoue echistoue ssndstone.
(1zverzhennyye), meta- .
morphic and sedimentery Medium Clayey eheles, veak esndetcnec,

limestones, eroft conglomers=tze.
hard asrl.

Fairly eoft Soft cheles, limestones, chrlk,
rock eslt, gypeum, frozen groun:
narl, cemented rubble.

following pag

T=ternal cohesion practicsl- Feirly soft Deterioreted rudbbls end grevel,
ly nil.Crumdly, frictle gravelly eerth.
materiels.

[Voln to”

Firrmess ¢ materiele, Crumbiy Sands, rock weste, small grevel,
medfunm; depends upon f1lled-in eoil {nacypneya
cemposition, semlya)

Contafne little or no col- Running

loide. Movemant of perti-  (plyvuchiye) Running, evempy gro'md, thin,
cles on daformeting tokes 41luted eoils. (f = 0.1-0.7)
plece ne in fri-ble meteri-

el. friction high.
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Charectaristic defarmetion:
displacement of frisbdle
anterial. Weter~and gss-
yermssble. Haterial crumdly,
friabtle, mainly productes of
physical weeth “ing.
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Strength Volu-  Angle Temporary Loed Charscteristice Basic
Cosfficient metric of Resigtance Capecity
' of Veight Internsl to Compres- (kg/sq om)
Msteriels (grfsq o= Friction eion(kg/sq om)
end I{;u)ﬂoaity

2. 879 Requires use of explosives
9
in extraction. Vertical
#slden in excovations. Selsmic
weve spsed; 2,000 - 7,000
= fenc

8s° Over Registance to slectricity:
ku,’goo

Tabls 1 (contd)

109.1611 ohmfem.
5

799 Extraction requires pick, crow-
72920 bexr, or explosives. In ex-
zavations sidewallp-streight
70° linee; steemnewss dependa oo
degree of weoatiering, Ifrectur-
ing end etrength-nearly verti-~
cal. Seismm’c wave epesd: 2,000
- 5,000 m/sec. esii‘ ce to
electricity: 100-107 om/em.

Extraction wachanical and mamual,
In sidevnlls, angle of 30-4G°
{angle of natural slcpe). Height
of aidewall Aoes not depend on
0.5-0.8 1.5-1.82 angle of cidevall. Form of wide-
. vell; rectilinear. Seismic wave
0.3 1.5-1.8 x speed: 800-1100 m/sec. . Resist-~
ence to elcotricity: 10°°© ohmfom.
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Table 1 {contd)

Group Goneral Gheracter Dagree of Materials
T of Ground Strength
of Materizls

III. Cobesion elsstic, pre- stoft Thick clay.
demtnantly colloidel Clayey soile.
end »queous. Filrmnses
not great; sginke,
depending on dogree
of mcistening, to ail.

Caoheston reversidble.
Little or no weter/gae
perneebility.

Charecteristic defurmetion: Soft Light sandy clsy, loess.
pleetic ddsplecement.

Friction low. Plesstic, soft

materiels: cobesive aoile.

Compreaaible
Soft {earthy)
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Table L (contd)

Strength | Yolu- Angle of Temporery loed
Coefficient metric Internal Resistance Capecity Besie
of Welght. Friction to Compwres- (kg/ca?) Charscteristics
Materiele (ge/ ) @ elon {kag/om?)
. end P?;«)mita

1.0-(1.5) 1.8 150 50-55% 0.5-6 Extrection mechenical cnd
(porosity !a manua). Steerness end height
dry stete) of sidewells depends upon
strength of cohesion {moistness)
end friction. Form of eldewells:
concave curve.
In déry stete cleyey sofle end
loess bave verticel sidewrlls.
0.8 Selemic wave speed: 1300-1700
mfeec. Resietence to elsctricity
depende upcn parosity,moistness
end presence of eelts. Iy end
crmbled clay imperviouve to
poloon gas. Bleck esrth parmits
peesages of polac grs, bdut meny
graes unite with perticles of
humue 2nd are sbeoxbed. L:u be
uged as peat.
Peat absorbs m.ay roisanoas
gages. Cen e used es filtar,

and lese
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I1. MINERAL CONSTRUCTIOH MATERIALS

Miners) conptruction meterisls con be divided into naturel snd artificiel.
The former are the extremely varied naturel minersl materiasls which are uased in
construction; the lstter, the seme, with s definite tschnologicsl pracesaing.

A, Wapture]l Miners) Cougtruction Materiale

To this group belong ell materials, varied in their propertles, crigins,
end outvard appearsnces, vhich 1lie at hend near the efites of fortificetion cone
etruction and militsry-engineering ingtalletions. Comstruction materiels which
must be transported to the site cen be used only in the conetructiun of rsar,
defanse lines.

80114 minerel conatructicn materisle, so-called "conetructica stones,”
are almoat elways used in crude form dus to axtreme limitations of time mveilable
far conatruction of field installations. Either coerse dlocks, bouldere, or
rudbble (course chunks of wmeven form), or cobblestoaes (mmmll boulders), sre
ueed. A Fluer procesming of ccnetruction gtane by meens of cutting off aad
trimming into seperate blocke ¢f verious dimencione 1s used only when there s
suf'ficient time, mainly under conditions of e stabilized front or in a rear,
defence zone,

sccording to the importance snd the period of ssrvice expscted, there
sre various craquiremsnts for solid conetructicn meiexrisle; theee requirsments
ere determined by the type of work for which the construct’on etone is to be

uged .

For exemple; materiesl intended for road ewfacee muet be tough or
eufTictently resistent to bresking up,hard or sufficiently raeistent to wesr;
must pospesc sufficlently bigh remistence to compression; and muat be froat-
resistent, etc.

Materirl used tor hydrotechnical constructione must hsve 8 high
volumetric veight, low poroeity, negligible solubility, lov water-permesl,y ::y,
frogt-revistonce, sufficient reeiastence to cemprevsion, genersl hardnees and
firmnens.

Coastruction ateme used far foundations, for the "teeth" (zuby) end
"msttreswes” (tyufyaki) of eortd snd timber piildboxes {dzot) must be highly
resletant to compression, frost-resistant;, sclid, durable from tkLe point of
view cf enlubility, etc.

Corrce blocke ere used in the construction of hydrotechnicel installetione
(for ports, for exsmple) end in the ccmetruction of antitenk barriers in tke
forxr of stone yrord-blocke, etc. Wide use is mads of rubdbls 1n the stone work
of :upporting walle, in dridge bullding, eometimss in railrusd eubaniments, for
f1lliag 1n the syecuvs between pillbox velle, far the “teeth” end "mattressee”
ox pililboxes, fur tbe covering= of .trench conetructions ix tho eo-called "herd
leyer ,” and sometimes as an nddition to concrete as an inert component. Rubble
19 often ussd ed roud materiul. Rubble, derived from verious kinde of rock is
used for sll these purposes. For these, mtonee irom large-crystal (meesive-
kriptallicheekiye) rock rre considered superior. Of thees, ths fine-cryatal
veriety with groet temporery resistance to compression, srs the mare highly
prired for purposes of constructicn; the coerse cryatel varisty {especieily
gran‘tes;, vhich yleld eeeily to westhar procosses, ars considered les:z
desirsbls. Strongly cementad eandptonss sunmsbiy natural cementation/ of
guff{cient strength end firmness are widsly uwed; weskly cemsnted senistones
sre estecially unsuitebls for fartification construct-:on.

In the ebeence of the materials Zndicated, cartonaceocus vars.:tioa of
stone -- limeatones, dolomitoe, merle -- cre used. The hard, fine - grained
verfeties of theme arv coneldersd the beat. Parous limestons is cony ‘dered the
vcret far duilding purpoees. Carbonsceous 1cks ere elevo used as Tsv materisl
‘n the prspareticn of cemsnt. Limestone with Ca 003 contant of 7h-B80 peroent
1a cuusideren gool . .
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Rubble, deriving chiefly from lerge-cryetal end mestemorpbic rock s
no lees widely used. Petrographicelly, these rocks ere oxtremely verted.
Thue, for exsmple, in one cubic meter of boulders from the Mogcow regiom,
pore than 60 8iverss types of rock vere counted. Kubble is used se road
naterisl, for £111ing in the spsce between the walls of pillboxes, for the
"teeth” pnd "mettresses” of nillboxes, for the "herd lsyer" of treach con-
structions, etc. Coerses boulders ere sometimes ueed in construction in plece
of ordinary smastruction rubble; somstimes they are processed biock rubble.

Crumbly mineral conatruction mrterisls -- eend, gravel, end emall
ruthle -- ere emong the netural construction meteriale, widely ueed in vericue

fields of military engineering.

Sande in nature of verlous mineral compoeiticoe 'polimiktovyye" end
"9ligo-miktovgye” mnd of verfous sizes of graine ere found. At the seme
tims those sands beve verious congtructionsl valuee sand verious sphsree of
uee.

Gravel mnd smrll rubble aleo have verioue minerel compositions and
incinde crumbly, fregmentary rock, whoee purticles have a diareter of 2.5
to 5 wm »nd up to 100 nm. Smell rudble may de either naturel, fo the form
of rock weste, grevel, etc., or produced .riivicislly by meene¢ of cerushing.

Send, like grevel snd smell rubble, is smong the moet widesprend of
construction meterierle snd 18 uged re on lnert ingredient in concrete, for
filtering snd drainege, ss bellset meterial, am a filler in roedbeds and ne
the foundation for roade. Moreover, it finde uee as =n ingredient of cement
norter rnd for the bege (nestil) of the materiel for deme end dikes.

The best sends for uee es fillere in the preparstion of concrete
are the coerses- end medium-coerse-grain, end thcse with a mixed grein.

Mice, sulfur pyrite, end gypesum ere injurioue edmixturee in sande.
Micr weakens the coheeion of cement morter, end ite content should not exceod
one percent. The decomposition of eulfur pyrite and gypsum produce & chemicel
reaction in the concrete whereby Devel salte are formed, which, as the result
of unfon with water, increase the volums 2.5 times and destroy the cancrete.
When pyritee snd gypsum ere encountered, it is recommended that the 80y content
of the snnd be determined; the SO, content must be less then 0.2 percent.

F'rthermors, send used for concrete muet be pure a2nd muet not contain
clay or dsat particles (of dimension less tbar 0.05 mm). According to
exieting etandsrde, such jserticles chould net exceed 5 percent of the weight
of the esnd. In euch s case, clayey particles (lees then 0.005 mm tn dismeter)
tshould compose not more then 2 porceni.

Tapecirlly undseirable te the edmixture nf cley wbich coete the .jraine
of s~nd erince thet impedes the consolidetion of the send by the cement end
2iai: tetes the firmnese of tbe concrete.

Orgonic sdmixtures in the eand (humus, etc.) sre very hermful to
- concrete; they serivuaiy reduce ite firmnees.

Cravel and smsll rubdle for meking concrete ehouid sleo Lave the
characteristice Indiceted for sand. The size from 2 to 80 mm ie coasidersd the
beat. Mackine-made gravel eshorld have sufZicient firmmess (not lesa then 900

kgleq ).

Coarese-grain pands cre -oneideref tbe dest variety for rosé cometruction.
These erxnde, which are packed in the foundaticn of ihe y'0adbed for wniform
dietritnzion of losd-weight on the ground and to prevent eoeking of the roed
snd accumuletion of vater undrr rosd covoring ~hould not contein over 10 perceat
of drsty ar clsyey perticles femeller than 0,05 mm) or more tlen 3-% percent of
elay perticles %0.005 ) alche.

-9.
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Coerae-grain gends and gravel with rubble cre uased for railroad ballast.
They resist washing out or being dblowa by the wind, they produce 1little dust,
snd they cause few gaps when frozem. ' - ' N

Sanda need for filler in emall dame smd dikes having tactical importance
ghould be of veried grain end eufficlently clayey.

Sends, gruvel, and rubtle, uged for drainegs must be buv elightly auscepti-
ble to weathering end of a definite hardness. Material used for flltering must
be of unifore grain (smell send 1s best) and dovoid of claysy particles and
orgenic admixtures.

Farthy miseral construction materials coneiagt of the vericus clays, clayey
e0ils, peat, znd sod.

Swrtace soile with eoil layers conteining vegetsble matter of varioue
mechanicel cumposition, are aleo iacluded under "earthy material.” Such ground
19 used in sacks for bsnk revetments to protect them from elipping; trenches ere
covered with it, too. Sod, which is the top layer of vegetational ecil covered
with grnss snd overgrown with roots end possessing & fair emount of firmuses, 1s
no less widely used. It is used in the erection of military-enginsering con-
structione, as revetment for slopes, sa cemouflage for various constructioes of
fales emplacements, trenches, ate,

The esrthy layer is alsc used ag suxiliary cemouflage coloring material,
For sxnmple, dried and sifted black earth with e vaterfixing agsut, can be uved as
a grey-brown color; with a tarxy £ix or with drying oll it gives a derk brown color.

Colored clzy, which is found in nature in verious huee end shades, ccn also
be uged for thie purpose. The required tone cen be had by meane of mixtures. It
is the geclogiet's duty to exploit this unusual material in the region of trcop
digpoeition.

Clays are used in the cooetructioc of various military-engineering instal-
latione, end a veriety of demandp is made on them for verious purposes. Thus,
for the locks, screens (exran), and front parts of the spillvays (ponur) of dems,
very oily clays are recommended, but for the embaniments of dams (ia extreordinary
casee) cley with a high send content (50 percent and more) should be ueod.

C*1ly clay is used ag vater-shedding materiel in covering of earth end
timber pillboxes, reinforced-concrete pillboxes (DOT), and other cumstructions.

Fioplly, clay 1s use’ in the preperation of bricke. Clay with ¢ senr ‘cotent
of 30 percent, devoid of lime concretions, 1s ccneide ‘¢d the tost.

B. Artifirial Minerei Comstruction Materiels

Thie group included the vari.as natural mineral construction matsriale which
ere ecubjectsd to technological processing, particularly various types of dricks:
cdcbe, sun-dried dricke, burnt bdricke in the form of construction bricks and clinker
bricke. Aleo included among tiese are 7arious fixing agsata wvhich are used for
csmenting ecile. The tschnology of the profuction of these muterials end varioue
nev fixing egents are dsscribed -in specialized literatnre, which is fairly well-kmown,
end we tholl not dissuss them here.

Concrate, the most imporiant comstruction asierial of ths group under coa-
siderstion, cwes its great vorth to the fact that it is almost entirely composed
of locully availsble matericls; cemsnt, the ingredient which must e drought froo
olsevhere, amcunts, et mo3t, to 10-12 parcent dy weight.

In all concrets, the following slemsuts must be dietinguiched: the active
ingredient "=« the dinding matexrial mede of cemsn: and weter, wvhose interaction
producer cohesion and scliiification; the inart ingredient -- sand, gravel, ruddle,
#le3, eic. Bstveen ths cc.ent (Iitsraily, coment stons/ and the inert (or filler)
component, only a mschanicel cohesion exists. The inert component amounts to 60-80
percent of the total volume of concrete.

She Mmt? of comcrets lies in the fect thut a great variety of prossrties
can be given to 1t at vill: 1te dedsity, volumetric veight, snd eo0iidity ca be
controlled. Thie is achievcA by the selecticn of its ingredients, by taking mccouut
of its compoeition, end by exerciwing care in the prepsration and l-v".g .. 0e®
concrete mixture. Jmong the meay Xind; ¢ conwmws % Loavy {with beavy filler)
and especially dense (plotnyy) {0.8-0.9) kind 1s used for fortification constructicn.

- -5
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The requiremente far the flller heve been indiceted cbove:. We add omly
that the zend muet be of varled cocreeneee in ovdsr to avold ¢ grest consumption
of cement. Thersfore, it iz veeful to5 determine theporoelty of the snnde, whick
must not exceed 37 pescent. Furthermore, unsuitable greniler texture of the
filler mey bo refimcted in the eolidity of the concrete.

Cemente, as is known, sre divided into twoe msjor groups: sir cemant and
hydreulic cement. /[ Thers followe, generel, elementsry date on the properties
of cement, methode of $te preperetion, and inetsnces of the use of ocemant und
reinfarced comcrete prior to end during World War 1, which has been omitted. /

: Ssooadesy, readily availsble cometruction meterials includs 1l those
neterirle, or thinge mede from them, which lis st hand during the cometruction
of e tortificetion. Theee msteriale mey be moet varied - minerel, vegetable,
ate.

Sleag, which i1s wifely distributed in certsin regioms, cen be uged, for
example, re an inert ingredient ia cement. In the abaence of stone construction . ]
meteriel, grevestones cen de found in cematerifes, stony materisl in garden i 4
valle end houge foundetions, ste. ALl thie can be used in the ersction of - :
militory-engineering conetruct’one.

In meny caees, brick rubdle, cracked bricke, can be found in sbundence.
When merteriala for concrete ere lacking, brick rubdle cen be used in extreme
ceoes e filler,

Red drick, crusbed, ground, 2nd eifted es a powder, can be used with
eny Tixing cgent aer red peint for purposes of camouflage. Road duzt can de
1ead to mske e derk, earth color. Bleck colar ie produced by crushing end
‘. grinding charcoal to a powder; the necespeary ehsde cen be obtained dy mixing
this viih other coloring metter, euch es colored cleys. Mixiag with yellew
clry producee & color spproximet: kbek1; mixing with chalk produces e color 1
approximating khaki; mixing with chalk produces e gray. .
In tbe practical vork of comstructing the verious fortificatiome, the -
geologiet muet dezl with other types of conetruction materiels, wocden znd -
iron. He must get his introduction to thece in epecielired literature on the

subject.
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